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Abstract 

A relativistic quark model and a new set of wave functions of nucleon and A have 
been used to study the electromagnetic properties of baryons and photoelectric 
production of A(1236). Theoretical results of G^(g^), ^ip, fiA, fipG^{q'^)/G^{q'^), 
G^(q'^), and Gmi+((Z^); -^1+) of p ^ A are presented. 
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1 Introduction 

The relativistic quark model [1] is successful in studying the electromagnetic and weak in- 
teractions of ground-state baryons and mesons. However, some results are inconsistent with 
experimental data[3], for instance, theoretical ratio iipG^^{q^) / G\j{q^) drops faster with 
than experimental values. On the other hand, recently there has been some experimental 
results about the electromagnetic properties of ground-state baryons, for example, the mea- 
surement [4,5] of the magnetic transition form factor Gmi+(?^) for p — > A+(1236). These 
results need theoretical explanation. In Ref.[2], a new set of baryon wave functions have 
been constructed by requiring SU{&) symmetry in the frame of center of mess. For example, 
in the wave function of |^ baryon there are additional terms 

{(1 H p)75C}a/3^iA(p)7 + '^Co,p{-fzUx{p)}^. (l) 

777- 

p is the momentum of the baryon, m is the mass, and C — i^2lA which is the charge- 
conjugation operator. The new wavefunctions are still s-wave and satisfy SU (6) symmetry 
in the frame of center of mass. It is interesting to point out that the original wave function 

1 

{(1 p)l5C}al3Ux{p)^ 

TTl/ 

is constructed by the spinors of quarks with zero momentum and the new terms(l) are 
constructed by the spinors of antiquarks with zero momentum. Both satisfy SU{6) in the 
frame of center of mass. 
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In this paper, the method proposed in Ref.[l] and the wave functions constructed in Ref. 
[2] are used to study the electromagnetic properties of nucleons and p —>■ A"*" (1236). 

2 Matrix element of electric currents 

The effective Hamiltonian of electromagnetic interaction in quark model [1,2] is 

Hi{x) = -ie^{x)Q{A{x) - ^c7^,F^,(x)}V^(x). (2) 



The wave function of |^ baryon is [2] 



+^l3^AP)xi^jkl'^il + ^ikl'^jl)}- (3) 



1 

^apMx = {[fl{Xl,X2,X3) pf2{Xl,X2,X3)]'y5C}al3Ux{p)^ 

TT}j 

X2, Xa) - f2{xi,X2, X3)}Cap{-f5Ux{p)}j, 

^ 

ra/3,7(p)A = {C[/l(-Xi, -X2, -X3) + — p/2(-Xi, -X2, -X3)]'y5}al3Ux{p)y 

+ {fl{-Xl, -X2, -X3) - f2{-Xi, -X2, -X3)}Ca/3{ux{p)'y5}'y (4) 
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The wave function of | baryon is 



3 ^ IxYixi 1 FtTX 



ra/37(p)A = {[f2(xi,X2,X3) ~ —pfi{xi,X2,X3)]-fij,C}a/3'llj^ip)j 



H {/l (2^1, 2^2, 2:3) - f2{Xl,X2,Xs)}{-ff,p-f5C}al3{l5i^i{p)}'r, 

_ 1 X 

\f3t{p)x = {C[f2{-Xi, -X2, -X3) + —pfl{-Xi, -X2, -X3)h^c}afS'^i^{p)t 



1 

H — {/i(-a;i, -X2, -X3) - f2{-xi, -X2, -x^)} 
m 

x{CFTM75}a/3{V'Jl(p)75}7, (6) 



where i'j'k' are color indices, fi,2{xi, X2, x^) are two Lorentz- invariant spacial functions, p is 
the momentum of baryon. The wave functions(3-6) satisfy SU{6) symmetry in the frame of 
center of mass [2]. They are s-wave in the rest frame. 

For the model with three degenerate states [6] , the electric charge operator can be written 

as 

Qlii = ^kiih2iSk[k', - ^k,k25k[3^k'^3 (7) 
and the following relationship is obtained 

1 fj 

Q^k[j'i'^k'^j'i'Qklkl = Qkik2- (8) 
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Qkik2 is the electric charge operator in fractional-charge scheme. Therefore, the matrix 
elements of electric currents should be the same for both schemes of interger charge and 
fractional charge of quarks. 

By using Eqs. (2,3,5,8) and the method of Ref. [1], the matrix elements of electric currents 
of 1^ baryon are obtained 



— — 7 P K 

< Bl,{pf)\l I J,(0) I BjiPrril >= -^M'Q,^,,{^, + 

ix 

^ ' a 1 ' ■ 



X / d'^Xid'^X2Blp^^ijk,i^i,X2, 0)ilBl ^, (0, X2, Xi),^ 



where M is the rest mass of the quark, m, m' and E, E' are the initial and final mass and 
energy of the baryon respectively, 

Ai = SpBQB, A2 = SpBBQ. (10) 

B, B are the SU3 matrices of the initial and final baryon, 

/. ^ -20{Z..tf)(l-^) + 4tf)(l-£^) 

m m 2mm m„ 



h = 4{(l-2!^)D,(g^) + (l-2^)4(g^) 
m m 

+ 2^^"^- + + 2^?')^3(g')K'(p/)7,.«A(Pi) 

-4{2Di(g^) - (1 - ^)D,iq') - (1 - 

Km Km 

+8^{lD,(g^) ~ ^D^q') + ^^^^^^^ D,{q^)} 
m m 2mm mp 

XQ^Ux'iPfhxiPi), (11) 



where 

q^i = Piiu - Pf^i,m+ = m + m' ,m_ = m' - m, (12) 

Di(g2) = -M^ f f[{-x^,-X2,0)h{0,X2,x^)d''xid'x2, 

D^iq^) = -MV/i(-2:i,-X2,0)/2(0,X2,Xi)d^Xid^X2, 

4(^2) = -MV/2(-a:^i, -3:^2, 0)/i(0, 0:2, xi)ciVci^X2, 

L'3(g2) = -M^ J f'2{-Xi,-X2,0)f2iO,X2,Xi)d''xidW (13) 

m, m' are the rest mass of the initial and final baryon. f'j{—xi, —X2, 0), fj{0, X2, xi) are the 
spacial part of the initial and final wave function respectively. Eq. (13) shows that when 
Pff^ < — > Pin is taken, we have 

D2{q')^D',{q'), (14) 



therefore when m = m' 

D,{q') = D',{q'). (15) 
Similarly, the current matrix elements of |^ baryon— > |^ baryon are obtained 

3 1 / jp L' 

< Bl,{pfy-- I J,(0) I BUp,)\i -^M^Q,,.(7, + ^g.<7,.)^y 



-—D2{q^) - —D'^{q^)]}-^ppq„ep„u^iljl {pf)ux{Pi) 
nip rup mm 

^D'^iff) - 2Di{q'^)]}-^{pf^q^ - pf ■ q5^^)^l (PfhbUxiPi) 



(Pfh^uxiPi)- (16) 
m, m' are the rest mass of baryon and |^ baryon respectively, 

Pfx^Pin+Pfn- (17) 

In Eq.(ll), when m = m' is taken, the terms in /i and /2, which are proportional to q^ 
vanish. Thus, when m = m', the current matrix element of baryon automatically satisfies 
current conservation. In general, in order to satisfy current conservation, the following 



relationship must be satisfied 



^2(a--^2(a + — i^3(a=0. (18) 

m m 

For 1^ baryons the only matrix element with m! ^ mis TP— > A. For this process, we have 

M = M=^, (19) 
The condition(18) guarantees current conservation. 

3 Relationship Between fi{xi^X2^x^) and f2{xi,X2,xs) 

In this section, we study the behavior of two invariant spacial functions fi{xi,X2,X3) and 
f2{xi,X2,X3) in the frame of center-of-mass. Ta/3,'y{p)\{4:) can be written as 

^af},j{Xl,X2,X3)x = gi{xi,X2,X3){{l+'y4)'-f5C}apUx,j 

+g2ixi, X2, X3){[{1 - 74)75C]a/3MA,7 + '^Capi'^bUx)-,} , 

gi{xi,X2,X3) = ^{/i(a;i,a;2,a;3) + /2(a;i,a;2,a;3)}, 

92{X1,X2,X3) = ^{fl{xi,X2,X3) - f2{xi,X2,X3)}, (20) 

xi,X2,X3 are the time-space coordinates of three quarks. In Ref.[l], in order to guarantee 
SUq symmetry, it is assumed that strong interaction satisfies SUe symmetry when the speed 
of the quark is much less than the speed of light. One possibility is that strong interaction 
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takes scalar form.The B-S equation of the baryon is written as 

= -i{ips + M)^y / U{q)Bl'^^, ..^(p, -q,p2 + q,P^)Td\ 
-i{ip, + M)^^, J U{q)Bf^^ ..^{p,,p2 -q,p, + q)Td'q 
-z{zp2 + M)pp, J U{q)Bll,^^^^^{p, + g,p2,P3 - q)Td'q 
- I V{qi, q2, q3)S^{qi + q2 + q3)B^^^^ijk{pi + qi,p2 + q2,P3 + gs) 
Xd\d%dS3- (21) 

Bai3^,ijkiP'i-jP2jP3)r wave function for | baryon in the frame of center-of-mass. We 

assume U{q) and V{qi,q2,q3) are independent of the momentum of the baryon. 

Pl+P2+P3=P, (22) 

1 H~ 

where p is the momentum of ^ baryon. 

According to Ref.[2], in order to satisfy SUq symmetry the terms at 0(^(j = 1,2,3)) 
in the wave function are ignored. The same treatment is used in Eq.(21). Substituting the 
wave function of into Eq.(21), we obtain 

(M - -fmo)aa'iM - 7mo)l3p'iM - l4P3o)^^'T ^' ^' (pi, P2, P3)x 

= -i(M - 74P3o)^y / ^(?)ra/3,7' (Pi -(1,P2 + q,P3)xd'^q 
-i(M - 74Pio)aa' IU{q)T^>ij,^{pi,p2 -q,P3 + q)xd'^q 
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-i{M - 74P2o)/3/3' IUi<l)^af3',jiPl + Q^P2,P3 " ?)aA 

- / V{Qi, ?2, g3)(^^(gi + ?2 + g3)ra/3,^(pi + gi,P2 + ?2,P3 + ^a) 

xd%d%d%. (23) 

where Tq,^ ,y(pi,p2,P3)A is the expression of rQ,^^(a;i, X2, ^3)^(20) in the momentum represen- 
tation. Calculations lead to 

(M -]9io)(M -p2o)(M -p3o)5'l(pi,P2,P3) 
= -i/C/(g){(M-p3o)t/i(pi -g,P2 + g,P3) 

+(M -pio)^i(pi,P2 - g,P3 + g) 

+ (M -p20)5l(Pl + ?,P2,P3 - 

- / ^"(^1, ^2, g3)5^(gi + ^2 + gs) 

Xfl'i(Pi + ?i,P2 + g2,P3 + q3)d'^qid'^q2d'^q3, (24) 

(M + pio) (M + P20) (M - p3o)^2 (Pl , P2, P3) 
= -i ! U{q){{M - p3o)g2{pi - q,P2 + q,P3) 

+{M + pio)92{pi:P2 -q,P3 + q) 

+ {M + p2o)g2{pi + q:P2:P3 " ?)}A 

- / V(qi, ?2, ?3)(^''(?i + ?2 + qs) 

X92{Pi + qi,P2 + q2,P3 + q3)d%d'^q2d'^qs, (25) 
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(M + pio) (M - p2o){M + P3o)g2{Pl , P2 , Ps) 
= -i ! U{q){{M + p3o)g2{pi - q,P2 + q,P3) 
+ {M + pio)g2{pi,p2 -q,P3 + q) 
+{M - p2o)g2{pi + g,P2,P3 - 

- / V(qi, q2, q3)S'^{qi + ?2 + qs) 

X92{Pi + qi,P2 + ?2,P3 + q3)d%d'^q2d'^q3, (26) 

(M - pio) (M + P20) {M + p3o)^2 (Pi , P2, Ps) 
= -i/t/(g){(M + p3o)^2(Pl -g,P2 + g,P3) 

+(M -pio)g2{pi,P2 -q,P3 + q) 

+ {M + P20)g2{pi + q:P2:P3 " 

- / ?2, q3)S'^{qi + q2 + qs) 

xg2ipi + qi,P2 + q2,P3 + q3)d'^qid^q2d*q3- (27) 

Since V{qi, 52, 53) are totally symmetric functions of qi, q2, q3- giipi,P2,P3) are totally sym- 
metric functions of pi,p2,P3, which is consistent with Ref.[2]. From Eqs. (25-27), we see that 
92ipi,P2,P3) have following symmetries: (1) totally symmetric in pi,P2,P3- (2) since U{q) 
and V{qi,q2,q3) are independent of the momentum p , the equation is invariant under the 
transformations P20 ^ -P20, P30 ^ -P3o; Pio ^ -Pio, P30 ^ -P3o; Pio ^ -Pio, P20 ^ -P2o- 
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By using the second symmetry of ^'2(^1,^2,^3), Eq.(3.6) becomes Eq.(3.5) under the trans- 
formation pio -pio, P20 -P20, thus gi{pi,P2,P3) and 5'2(pi,P2,P3) satisfy the same 
equation. 5^1(^1,^2,^3) is related to ^'2(^1,^2,^3) by 

9i{Pi,P2,P3) =bg2{pi,P2,P3), (28) 

where b is a constant. Eq.(28) leads to 

/2(xi, X2, X3) = afi{xi,X2, X3). (29) 

Thus, in the wave functions (3,5), there is only one independent spacial function. 
Substituting Eq.(29) into Eq.(18), we obtain 

1 



^ mo 
m 



or a = 1. (30) 



mo is a parameter, m is the physical mass of the baryon. Generally a 7^ 1, a takes the first 
expression of Eq.(30). 



4 Elect romaget ice Properties of Baryons 

The electromagnetic form factors of |^ baryon are obtained from the current matrix elements 
Eq.(9,ll) 
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GM{q') = \{A,-rhA,){D,{q')-r^,D,{q')-rK—[D,{q^) 

-A(g^) + (i + ^)i?3(g^)]}, 



where m is the mass of the baryon. Prom Eq.(31) we obtain 

/^2(0) = 1. 



The expression of the magnetic moment of baryon is obtained from Eq.(32) 



1 Ttl 

li = (A2 + 5Ai){^ + «:[L>i(0) + L'3(0)-l]}. 
6 m 



Prom Eqs. (40,41,33) 



is obtained. The two parameters k, mo in Eq.(35) are determined to be 

n = 0.481, mo = 0.778mp 

by input the magnetic moments of proton and E [8]. The magnetic moments of other 
baryons are determined to be 
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r'p 








LtyO 




r^i__r 




theory 


2.79 
(input) 


-.1.86 


-0.64 
(input) 


1.74 


0.58 


-0.57 


-0.97 


-0.51 


exp 


2.79 


-1.91 


-0.67 
±0.46 


2.59 
±0.46 








-1.93 
±0.75 



The electromagnetic form factors of proton and neutron are found from Eq. (31,32) 



gW) 
gUq') 



(-AT 



N 



D2{q') + K[D^{q') + D^{q') - D^iq')] + (1 + K)-^D^{q'), 



4m|f 



2 g2 



3 4m 



-{Z^3(?') - /^2(a + «:p2(g') - /^i(g')]}, 



By using Eqs. (29,30,36) 



GW) = i?2(a{l + r(2.71-2.17r)}, 

G^(g^) = /.,D2(g'){l + 2.39r}, 
G^(g2) = 1.39/.„TD2(g') 



(37) 



(38) 



(39) 



are obtained, where r = It is seen from Eq.(39) that there is an invariant function 

02(0'^) in the three form factors, which can be determined from the experimental data of the 
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magnetic form factor of proton [9] 

^2(?') = ^ . (40) 

(l + ^)2(l + 2.39r) 

The ratio of the electric and magnetic form factor of proton is obtained 

^,GUq') _ l + r(2.71-2.17r) 

1 + 2.39T ■ ^ ' 

Comparisons with data are shown in Fig.l and 2. The experimental data of Fig.l is from 
Ref.[10], and that for Fig.2 is from Ref.[ll]. 

The expression of the electric form factor of neutron is obtained 

Gliq'') = 1.39TG'^(g2)(l + 2.39r)-\ (42) 

The slope of G'l:{q^) at = is 

!^^|,..= 1.39£| = -0.73[GeVl-. (43) 

The experimental data are 

- 0.579 ± 0.018^^^1, -0.512 ± 0.049^^^1, 0.495 ± O.OlO^^^l (44) 

Comparisons of Eq.(42) with the experimental data are shown in Fig. 3 and Fig.4. The 
experimental data of Fig. 3 comes from Ref.[4] and that for Fig.4 comes from Ref. [11]. 
At — — 4m^, there are 

G|(-4m^) = G^(-4m2) = 0.18, 

Gl{-4m') = G'i,{-im') = ~GU-4m'). (45) 
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The S-matrix element of E'^ — > A + 7 is studied 



<jA\S\E'> = -,e(27r)^<5(|,,-p^-g)^(^)W 



A 

x^^uy{pf)q^a^f,ux{Pi), (46) 

1 , , r 2 1 , rrit, , 1 , , mi , , , 

/^EoA = ;r7^^3 0{ 1-^ 1-^ +^^^}- 47 

2\/3 oaOeo kttij: a-so Km\ ZmfjriY, 

The dependences of Di(0), £'2(0), i^i(O) and D^{{)) on the mass of initial and final baryon 
need to be found. Prom Eq.(28) we have 

£'2(0) a 



^2(0) a!' 

On the other hand, Eq.(14) shows when m < — > m is taken, we have 



(48) 



^2(0) < — > D'^{0). (49) 

When m = m', Eqs.(15,33) lead to 

^2(0) = D'^{0) = 1. (50) 

The general expressions of ^2(0), £'2(0) which satisfy Eqs.(48-50) are found 

^2(0) = (4)^/(m,m'), 
a 

4(0) = (-)^/(m,m'). (51) 
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/(m, m ) is a symmetric function of m, m' and 

/(m,m) = l. (52) 

When m ^ m , the deviation of /(m, m ) from 1 is proportional to (m — m')'^. According to 
Ref.[l], f{m,m) is the effect of Lorentz contraction. We obtain 

f{m,m') = - — , ■ (53) 
{m + m y 

For E° — > A+7, the deviation of /(m, m ) from 1 is only 0.1%. From Eq.(51), the expressions 
of Di(0) and ^3(0) are found 

.03(0) = vW/(m,m'), 

L'i(O) = -L=/(m,m'). (54) 
V aa 

The magnetic moment of S — > A and the decay rate are computed to be 

/^EoA = 1-053 (55) 

r = ^/x|oA^(l-^)^ = 3.79xlO-=^Mey, 
8 ruj^ 

T = ^ = 1.74 X lO-^'^sec. (56) 
The experimental upper limit is 

r < 1.0 X lO-^Sec. (57) 
18 



5 Electromagnetic transition of p ^ A(1236) 

The matrix elements of currents are obtained from Eqs.(18,28,16). Substituting Eqs.(18),(28) 
into Eq.(16), we derive 

26 TTliTTt 1 1 

< I J,{0) I p,{p,) ^-^(--,)-.A—-jDs{q')p,q, 

X {Pin(lv - Pf ■ qS^,u)ipt (PfhbUxiPi), (58) 



where 



2 m 2 11. 

A = _ + + _ + _ 



rup aa a a 



B = l-4 + ^{- + 4-A}, (59) 
a 2 a a aa 



and 



A = 1.717,5 = 0.699. (60) 
The S matrix element of 7p ttN is written as 

<TTN\S\-fp> = -i(27r)^5(p^ +pi - - p^) ^ < ttA^ I [/ I A+ (py) > 

A' 

x<A>,)|C/hp>|^ ^_J^^^^^^„^ . (61) 

where W is the mass of the final state, r{W) is the total width of the strong decay of 
A(1236). The calculation is done in the rest frame of A(1236). < nN \ U \ A^, (pj) > is the 
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amplitude of the strong decay of A(1236) 

< ttTV I [/ I Aj(p,) {-^)h{W)^u{pN)^i . (62) 
The electric transition amplitude in Eq. (60) is expressed as 

< Ay I I 7p >= < Ay I J^(0) I p > . (63) 



By using following equation 



E ^m' = ^ (1 + ^4) {V + ^^5^iS>M' ) 

A 

(j,/x,/i' = 1,2,3) (64) 

and Eq.(58), we obtain 

X' 

6^3(0) , mN(mN + EN) ,i , ,^^2,R. 2 ^2^l 



24 V^m^m A -Sj(mjv + Ei) 
X [2k • (e • p^) + ia ■ ep^ • k — icr • kp^ • e] 

—?>iB{m\ — mlf){a ■ ep^r • k + cr • kp^ • e)}iiA, (65) 

where Ei is the energy of the initial proton, k is the energy of the photon. The amplitudes of 
the magnetic and electric transitions are obtained by comparing with the photo production 
amplitudes in Ref.[15] 

M1+ = 6-^3(0) r ttin + En g{W)p^k 



96VS7rm%mA rnAEi{m + Ei)' W-mA + ^r{W) 
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x{A(mN + m/^Y + B{ml - my)}, 
, 6^3(0) ttin + En ,1 9{W)p^k 



xB{m\ - m%), 

E1+ -B{mA - mN) _^ 

M1+ A{mi^ + rriN) + B{mi\ — rriN) 

There are several experimental values: -0.045 [16], -0.073 [17], -0.024 [18]. 
The partial width of A+(1236) ^ p + 7 is derived 

^ 27rmA^' 51^1 2 I J' 

ei:)3(0)(mA + mjv)(m^ - m^) „nmA-m7v 

As = ^ ■ \A. + Zjd -\ 

2 8V6(mjvmA)3/^ mA + mjv) 

= -0.21 [Gey] 

A.1 — -pz ; \A. — Zjd !• 

2 24y2(mivmA)^/^ m/^ + niN) 

= -0.10[Ge1/]-i 

The experimental data are [19] 

Az = -Q.2A[GeV]-^,Ai = -0.14[G'ey]-i 

The decay width is computed to be 

= QMMeV, 

The experimental data [21] is 0.65MeV. 
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6 Magnetic moment and electromagnetic form factors 



oip^ A+(1236) 

The differential cross section of tlie electric production 

e + p^ e + A+(1236) 

^ N + TT 



is expressed as 

1 rfV 



(7t + eas- (73) 



dildE' 

where E' is the energy of the outgoing electron. Use of the equation 



3m 



1 

jiPt^l^' -P^^nn)} (74) 



and Eq.(58) leads to 

rn'{W^ -m'^){W -m')'^ + \T^{W) ISm^ 



+2AB{m'' -m'- q') + AB^q^ + ml){l - ^)}, (75) 



maq*'' T{W) '^Pjiq^) r.2( 2 2)f_ 



where 



W = -{pi +pe- p^'f, q*' = q' + ^{m'' - w? - q^f. (77) 
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The ratio of us and ut is obtained 

R = ^ = [45^(5^ + m^_)^]/[(Am+ + Sm_f 

The behavior of R is released 

g2 ^ 0, i? = 0; 

^ oo, i? ~ ^ ^ 0. 

In the range of > 3[GeV]\ R ~ 0.27. 

According to the definition of mutipoles, the magnetic transition form factor G 
the electric transition form factor G%l_^_{q^) and are found 

= ^{iAm+ + Bm.r + iA-B)q^-B\q^ + m^_)^^}, 



18m^ q 
18m? 

The differential cross section(73) is expressed as 



VtdE'dn m{W^-w?) 

From Eq.(79), the magnetic moment of p — > A"*" (1236) is derived 

= Gmi+(0) = + Bm.f = 1.23^/.,. 
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The data are 

1.22^4^^ 1.28^/.fl (85) 

Lorentz contraction effect is considered in Eq.(84), for p — > A'''(1236) 

/(m,m') = 0.98. (86) 

If this effect is ignored, the theoretical value of the magnetic transition moment is 1.26^/Xp. 
The electric multipole moments are obtained from Eq.(81) 

E1+ = -^^Bm^ = -0.17, (87) 
3v2m 

S1+ = E1+, 

S1+ 



-5.4%. (88) 



The data [4] is 



CI _|_ 

(-5 ±3)%. (89) 



1^ 

Theoretical results agree with experimental data. 
The expression 

_ r(iy) ^ . 2^ .qn^ 

- ^'(^2 _ ^2) _ + ir2(W^)^^^^ > ^^"^ 
has been used to determine G\[{(f'). Gm is obtained from Eq.(75) that 

Gl,{q') = Gi,,+(g^) + 3G|,^(g^) 

= ^^|^{(/lm+ + i?m_)2 + (^-B)V + 5'(5' + rni)(3-4^)}. (91) 
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The mass difference between A+(1236) and proton is ignored. The integral Ds{q'^) for p — > 
A+(1236) is expressed as 

= ^JH^H + 2.39/j)-Hl + ^)-'. (92) 
[m + m y 4m^ 0.71 

Substituting Eq.(92) into Eq.(91), the expression of is obtained. Comparisons with 

experimental data are shown in Fig. 5 and 6. The data for Fig.5 comes from Ref.[4] and that 
for Fig.6 comes from Ref.[22]. It can be seen from these two figures that as increases, the 
theoretical curve drops a httle bit faster than the experimental one. At q'^ — 0.8[GeVy, the 
theoretical value is 10% less than the experimental value. This difference can be regarded 
as to be from the ignorance of the mass difference between proton and A+(1236). 
Taking 

W^m ^ 1.236GeV, r(m') = 0.12GeV, (93) 

we obtain 

as = 48.V(g2 + 0.0888) (1 + 0.679g2)-2(i + ^)"^ x lO-^^cm^. (94) 
Comparison with the data [23] is shown in Fig. 7. 

7 Discussion 

SU{6) summetric wave functions of and |^ of s- wave(in the frame of center of mass) are 
applied to study the electromagnetic form factors of nucleons and p ^ A. A new expression 
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of ^g?'^^^2) is obtained. Nonzero electric form factor G^(q'^) is found. The magnetic form 
factor of p ^ A decreases faster than G^. Nonzero multipole moments E1+ and 5*1+ are 
obtained. They are small and negative. It is interesting to point out that nonzero G%, E1+, 
and 5'!+ are resulted in the addtional terms of the wave function, which are constructed by 
the spinors of antiquarks. The amplitudes and decay rate of A — > p + 7 are computed and 
theory agrees with data. 

The magnetic moments of hyperons are calculated under the assumption that the anoma- 
lous magnetic moment of strange quark (except for the charge factor) is the same as the one 
of u and d quarks. 
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Figure Captions 

FIG. 1. Ratio of electric and magnetic form factors of proton. 

FIG. 2. Ratio of electric and magnetic form factors of proton. 

FIG. 3. Electic form factor of neutron. 

FIG. 4. Electric form factor of neutron. 

FIG. 5. Magnetic form factor of p ^ A. 

FIG. 6. Magnetic form factor of p — > A. 

FIG. 7. Cross Section of virtual scalar photon. 
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